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Abstract 
Twenty-two cases with gastrointestinal stromal tumors (GISTs) have been studied, sized from 2 cm to invasive gigantic tumors and also 
from low to high degree of malignancy. The altering of the form and the size of the nucleus is a reference point of malignancy, being used 
in the histological grading of many types of tumors and also as an appreciating parameter of the tumoral prognosis, with a high degree of 
accuracy in the colorectal, uterine, prostatic or ovarian cancers, as it was pointed in the previous researches. The aim of this study is to 
evaluate the dimensional characteristic of the nuclei and the mitosis in GIST with a cholic and gastric localization, attempting a quantitative 
differentiation of the two tumors, by studying the following aspects: nuclear dimensions, mitotic activity index and the mitotic density. The 
results of the proliferative activity quantification (mitotic activity index and mitotic density) have shown that this can be a decisive criterion 
for the precocious appreciation of the evolution. The most important morphological criterion with a predictive role is the mitotic activity 
index, but is recommended to be applied correlated with the size and the localization of the tumor. Although various nuclear morphometry 
studies in different types of malignant tumors have been performed, the data in gastrointestinal stromal tumors is scarce and only few 
similar studies have been reported in the specialty literature; from this point of view, the present study is new and original and is also trying 
to point out that even with GIST, such analysis and prognosis is as valuable as in any other malignant diseases. 
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 Introduction 

The gastrointestinal stromal tumors (GISTs) are 
defined as mesenchymal stromal or epithelioid tumors 
of the gastrointestinal tract, emerging/developing due  
to the affinity of the receptor/receiving factor of the 
formant stem cells for tyrosine kinase, also known as 
KIT (CD117). GISTs represent the great majority of the 
mesenchymal tumors of the digestive tract and their 
clinico-pathological profile is not completely clarified 
[1]. In order of frequency, it affects the stomach, the 
small intestine and the colon, rectum, or esophagus [2], 
but occasionally originates outside the intestinal tract. 

The altering of the form and of the size of the 
nucleus is a pointing mark of malignancy, being used in 
histological grading, with a high degree of accuracy in 
colorectal, uterine, prostatic or ovarian cancers as it was 
shown in the previous researches [3, 4]. 

Different methods of diagnosis and prognosis are 
studied due to the similar morphological aspect, which 
cannot be differentiated by conventional methods. This 
way, the assisted analysis systems on PC, brings 
important data. The pathologist may obtain quantitative 
measurement on histological preparations. Nuclear 
measurements (area, roundness, perimeter) alone or 
combined, are useful instruments for potential estimation 
of prognosis on different types of cancer. Using the 
nuclear morphometry in GISTs is mentioned in the 
specialty literature [2–5]. Generally, in GIST, atypical 
nuclei are not obvious and their meaning is unclear [6]. 

The aim of this study is to evaluate the dimensional 

characteristics of nuclei and of mitosis in GIST, with 
gastric and cholic localization, attempting a quantitative 
differentiation of the two tumors. 

 Materials and Methods 

Twenty-two cases with GISTs were studied, with 
sizes from 2 cm to invasive gigantic tumors and also 
from a low degree of malignancy to a high degree of 
malignancy. Paraffin blocks have been provided by Ist 
Surgery Clinic of Galaţi, Romania (two cases) and by 
the Laboratory of Microanatomy, “Grigore T. Popa” 
University of Medicine and Pharmacy, Iassy, Romania 
(Prof. Lucia Doina Frâncu) – 20 cases. The GISTs have 
been clinically diagnosed as malignant, following the next 
criteria: peripheral invasive growth, ganglionic metastasis 
as well as metastasis in other distant organs, tumoral 
recurrence. The following characteristics have been taken 
into evaluation with all cases: primary localization of 
the tumor, the size of the tumor, the presence of necrosis 
as well as the number of mitoses in 10 high-power fields 
(HPF). As for the gender distribution, there were 12 men 
and 10 women. Out of the 22 tumors, 14 were gastric 
and eight were cholic, one ordered ascendingly, three 
crosswise and five descendingly and sigmoid. Out of the 
22 cases, six were tumors with sizes between 2 to 5 cm 
and the rest were bigger than 5 cm; the biggest ones were 
found at the level of the stomach and the right colon, the 
smallest ones were found in the left colon (2 cm). Sixteen 
cases presented with ganglionic invasion and the mitotic 
index was directly proportional to the size of the tumor 
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and the ganglionic metastasis. Five cases presented with 
tissue necrosis associated with metastasis in other distant 
organs (i.e., liver). 

Tumor aggressiveness appreciated correlating clinical 
symptoms and intraoperative and laboratory aspects. 

For immunohistochemical analysis, sections were 
prepared from formalin-fixed paraffin-embedded tissue 
samples after deparaffinization and were stained with 
Hematoxylin and Eosin (HE). HE stained slides were 
reviewed for each case. 

The assessment of the proliferation activity was 
performed on 50 consecutive fields in the area of the 
tumor with the most intensive activity, using a 10× 
ocular, a 40× lens with 0.75 numerical aperture and a 
circular field with 450 μm diameter and 0.159043 mm2 
area. The results were: mitotic activity index (MAI), 
which represents the total number of mitotic figures 
counted on 10 HPF; mitotic density, which represents the 
number of mitoses/mm2. 

The evaluation of nuclear dimensions was done in 
the HE-stained sections, using the interactive software 
PRODIT 5.2. After the computerized acquisition of the 
images, the examiner marks successively the outline of 
30 nuclei for each case, the selected morphometric 
parameters (area, perimeter, diameter, long axis, short axis, 
outline and roundness) being automatically calculated. 
The descriptive statistic posts the nuclear parameters’ 
values out of which the highest degree of importance 
was selected. 

Atypical focal or diffuse types have been defined after 
Miettinen et al. (2006) [7]. There have been evaluated 
qualitatively the presence of necrosis, ulcerations and 
hemorrhages. We excluded these areas from present 
quantifications, but we decided to evaluate them stereo-
logical later. 

The results of nuclear quantifications were compared 
with the aspects and the size of the tumor, the presence 
of necrosis, the mitotic index as well as the immuno-
histochemical expression of the markers. Tumor sizes 
varied from 2–3 cm, these being found preponderantly 
on the colon, to gigantic tumors, in this case including 
the great gastric stiffness, the left cholic fold, splenic 
hilum and the retroperineal space (Figure 1). 

 
Figure 1 – Gastric tumor that contains the great gastric 
stiffness, the left cholic fold, splenic hilum and the 
retroperitoneal space. 

 Results 

Our study shows that morphometric evaluations of 
tumoral nuclei have the same value as in other cases of 
cancer. 

In GIST, atypical nuclei are not obvious and their 
meaning is unclear (Table 1). 

Table 1 – The average of quantified nuclear parameters 

 

In GIST with gastric localization, the average of 
quantified nuclear parameters was the following: nuclei 
area is 48.35 μm2 averagely. The median line is 48.04 μm2 
and the module is 47.50 μm2, so the value distribution 
presents with a positive asymmetry, the average being 
characteristic to the small values or nuclear areas. Nuclei 
perimeter is averagely of 25.14 μm. Maximum perimeter 
is 26.61 μm and minimum of 23.40 μm. Median line is 
25.10 μm and the module is 24.45 μm, with an existing 
positive asymmetry of individual results. Nuclei diameter 
is averagely 7.83 μm, median line is 7.81 μm and the 
module is 7.79 μm, values that show the existence of a 
discreet positive asymmetry in individual results, and 
which testifies a very high degree of representativeness 
of the average value. The maximum diameter is 8.33 μm 
and the minimum is 7.40 μm. The long axis of nuclei is 
averagely 8.62 μm, the median line is 8.49 μm and the 
module is 8.44 μm, with a discreet positive asymmetry 
of individual results, which highlights a very high degree 
of representativeness of the average value. The maximum 
value is 9.73 μm and the minimum value is 8.06 μm. 

In GIST with colic localization, the average of 
quantified nuclear parameters was the following: the 
average area of nuclei is 55.48±3.8 μm2 (minimum 46.37 
and maximum 64.39), median line of 55.84 μm2 and the 
module of 53.17 μm2, so the distribution of individual 
values presents with a positive asymmetry, low values of 
the characteristic being predominant. Average perimeter 
of nuclei is 26.90±0.94 μm (minimum 24.91 μm and 
maximum 29.17 μm). The median line is 26.94 μm and 
the module is 26.00 μm, with a positive asymmetry of 
the distribution of individual values. Average diameter of 
nuclei is 8.40±0.29 μm (maximum 9.06 and minimum 
7.68), median line of 8.43 μm and module of 8.47 μm, with 
a slight negative asymmetry of individual values, which 
are small on a reduced area (varies 0.08), highlighting  
a very high degree of representativeness on average 
value. The long axis average of nuclei is 9.48±0.57 μm 
(maximum 10.66 and minimum 8.49), the median line 
and the module having values slightly equal (9.50 μm and 
respectively 9.52 μm), with a symmetry of individual 
result, which highlights the very high degree of repre-
sentativeness of average values (Table 2). 
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Table 2 – Synoptic table with the quantified nuclear 
parameters in the two localizations of GIST 

Gastric GIST Cholic GIST Nuclear 
parameter Average 

±SD 
Max. Min. 

Average 
±SD 

Max. Min.

Area  
[μm2] 

48.29  
±2.67 

54.53 43.05 
55.48  
±3.80 

64.49 46.38

Perimeter 
[μm] 

25.14  
±0.72 

26.61 23.41 
26.90  
±0.94 

29.17 24.92

Diameter 
[μm] 

7.83  
±0.22 

8.33 7.40 
8.40  
±0.29 

9.06 7.68

Long axis 
[μm] 

8.63  
±0.41 

9.74 8.07 
9.48  
±0.57 

10.66 8.49

The quantification of the mitosis by the two 
parameters, the mitotic activity index (MAI) and the 
mitotic density (MD = mitoses/mm2) have revealed 
differences in the tumors of the two studied localizations 
(Table 3). 

Table 3 – Synoptic table with the quantified prolife-
rative activity values in the two localizations of GIST 

Reduced aggressivity High aggressivity 
Localization 

MAI MD MAI MD 

Gastric GIST 1.6 0.9 6 3.5 

Cholic GIST 2 1.6 7 4.1 

Both MAI and MD have higher averages in the colic 
location than the gastric. In addition, MAI has higher 
absolute values, being easy to interpret. 

 Discussion 

GISTs arise most commonly in the stomach followed 
by the and then small intestine, rectum, or esophagus. 
Occasionally, GISTs originate outside the intestinal tract 
[8, 9]. According to recent data, the most useful clinico-
pathological prognostic parameters in GISTs are tumor 
stage, size, histological type, degree of necrosis, mitosis 
activity and nuclear pleomorphism [2, 10, 11]. 

The most consistent histopathological features to 
predict aggressiveness are tumor size and number of 
mitoses. A high Ki-67 index and high expression of p53, 
PCNA, Bcl-2, and vascular endothelial growth factor are 
frequently associated with poor prognosis [12–14]. 

Computer-assisted quantitative image analysis is a 
method important in diagnostic procedures. The study 
of nuclear shape (nuclear morphometry) quantitatively, 
either alone or in combination with mitosis quantification, 
is a potentially useful tool for predicting the prognosis 
of GISTs. Nuclear morphometry analysis is a useful tool 
for estimating prognosis in various types of cancer [3, 
15, 16]. 

The growth of the nuclei has been recorded frequently 
in malignant tumors. Therefore, the size of the nucleus is 
an important indicator of prognosis in the oral carcinoma 
with squamous cells, in mammary carcinoma, renal 
carcinoma and prostate carcinoma [3, 15–18]. Shape 
modifications of the nuclei represent a distinctive factor 
in malignant tumors as well as in the evaluation of 
potentially metastasis of colorectal adenocarcinoma [19, 
20]. It had been found that in ovarian carcinoma, shape 
modifications of the nuclei are more frequent than in 
borderline ovarian tumors [21]. 

Previously presented data shows the importance of 
clinical use of the nuclear morphometric parameters as 

prognosis factors, in comparison with the conventional 
systems of classification for malignancy in different 
organs. Such method also allows the exact measurement 
of the cells, the shape and their organization, quantifi-
cation that cannot be realized by other methods. The 
computer-assisted analysis of the results is precise and 
with an over 99% sensitiveness [22]. 

Although various nuclear morphometry studies in 
different types of malignant tumors have been performed, 
the data in gastrointestinal stromal tumors is scarce and 
only few similar studies have been reported in the 
specialty literature; from this point of view, the present 
study is new and original and is also trying to point out 
that even with GIST, such analysis and prognosis is as 
valuable as in any other malignant diseases. 

Comparing the data obtained for the two studied 
localizations, there are observed superior values in the 
colon localization, maybe due to the rapid evolution and 
a higher aggressivity percentage. Nuclear morphometric 
parameters obtained on personal cases have the same 
values as to the ones in other studies [2] done on GIST 
with different localizations, without making separate 
evaluations (Table 2). 

GIST with gastric localization has a worse prognosis 
than the tumor of the same size but with intestinal 
localization [23]. Most studies have evaluated mitosis on 
50 HPF. In specialty literature, recent studies have been 
done with a similar technique to ours in appreciating the 
number of mitosis and different values have been found, 
function of the size of the tumor: 5.63±7.39 in benign 
tumors between 0 and 27 cm, 2.6±5 in benign tumors 
between 0 and 16 cm and 7.7±8.2 in malignant tumors 
between 1 and 27 cm [24]. The quantified values in 
personal casuistry are within the limits set out above, 
proliferative activity was lower than in other forms of 
cancer. 

Gastric and jejunum-ileal GIST with the size lower 
than 5 cm and five mitoses or more on 50 HPF has a high 
malignancy degree. In colon GIST, the ratio between 
benign and malignant forms is 1:2 [24]. 

The most important morphological criteria with a 
predictive role is the mitotic ratio [23, 25, 26], but it is 
recommended to be applied correlated with the size of 
the tumor. However, the localization of the tumor must 
be taken in consideration, because it prints the degree of 
aggressivity, gastric tumors being less aggressive than 
the intestinal ones [27]. 

Most researches believe that mitosis quantification 
represents the evaluation method with the highest degree 
of accuracy, if done on the areas with the most prolife-
rative activity. The limit of five mitoses on 50 HPF is 
considered to be the limit to which a tumor is expected 
to have a benign behavior and also being the mark between 
benign and malignant [7, 23]. However, a small number 
of benign tumors with a low mitotic index may metastases 
ulterior, especially in intestinal localizations [28], thus 
demonstrating the evolutive individuality of each case. 

In other types of tumors, the mitotic index is sure of 
malignancy with higher values, between 20–50 on 50 
HPF [26]. On the other hand, it was shown that some 
tumors with a low mitosis index may metastases [1]. 

The number of mitosis represents the variable that 
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can evaluate with most accuracy the GIST malignancy 
and out results confirm it. We, thus, support the classi-
fication system of GIST suggested by Fletcher et al. 
(2002) [29], which correlated the size of the tumor to 
the number of mitosis. The morphologic features that 
appear to be most predictive of outcome and biological 
behavior are nuclear shape and the mitotic rate [30]. 

Variables’ measurements by digital programs may 
be a complementary method in tumor evaluation without 
being influenced by potential subjective interpretation on 
the part of the investigator. The malignant risk of GIST 
must be calculated by the pathologist based on traditional 
and morphometric criteria, in order to help the clinician 
to offer to the patient the most adequate therapy. 

 Conclusions 

Dimensional quantification of the tumoral nucleus 
shows superior values at the level of the colon localization 
in comparison with the gastric one. The same sense of 
differences is found in the mitosis quantification. The 
results of the proliferative activity quantification (mitotic 
activity index and mitotic density) have shown that these 
can be decisive criteria for the precocious appreciation 
of the evolution. The localization of the tumor imprints 
the degree of aggressivity, gastric tumors being less 
aggressive than the intestinal ones. The most important 
morphologic criterion with a predictive role is mitotic 
activity index but it is recommended to be applied in 
correlation with the size and localization of tumor. We 
consider that studies performed on bigger batches of 
patients, with morphometric analysis on histological 
subtypes, correlated with immunohistochemical data, 
may represent an important prognosis factor in GIST 
with influences on the therapeutic modes. 

References 
[1] Panizo-Santos A, Sola I, Vega F, de Alava E, Lozano MD, 

Idoate MA, Pardo-Mindán J, Predicting metastatic risk of 
gastrointestinal stromal tumors: role of cell proliferation and 
cell cycle regulatory proteins, Int J Surg Pathol, 2000, 8(2): 
133–144. 

[2] Özdamar ŞO, Bektaş S, Erdem Özdamar S, Gedikoğlu G, 
Doğan Gün B, Bahadir B, Nuclear morphometric analysis in 
gastrointestinal stromal tumors: a preliminary study, Turk J 
Gastroenterol, 2007, 18(2):71–76. 

[3] Berman JJ, Moore GW, Image analysis software for the 
detection of preneoplastic and early neoplastic lesions, 
Cancer Lett, 1994, 77(2–3):103–109. 

[4] Appelman HD, Mesenchymal tumors of the gut: historical 
perspectives, new approaches, new results, and does it make 
any difference? Monogr Pathol, 1990, 31:220–246. 

[5] DeMatteo RP, Lewis JJ, Leung D, Mudan SS, Woodruff JM, 
Brennan MF, Two hundred gastrointestinal stromal tumors: 
recurrence patterns and prognostic factors for survival, Ann 
Surg, 2000, 231(1):51–58. 

[6] Miettinen M, El-Rifai W, Sobin LH, Lasota J, Evaluation of 
malignancy and prognosis of gastrointestinal stromal tumors: 
a review, Hum Pathol, 2002, 33(5):478–483. 

[7] Miettinen M, Makhlouf H, Sobin LH, Lasota J, Gastrointestinal 
stromal tumors of the jejunum and ileum: a clinicopathologic, 
immunohistochemical, and molecular genetic study of 906 
cases before imatinib with long-term follow-up, Am J Surg 
Pathol, 2006, 30(4):477–489. 

[8] Rosai J, Stomach. In: Rosai J (ed), Rosai and Ackerman’s 
surgical pathology, 9th edition, Elsevier–Mosby, New York, 
2004, 648–711. 

[9] Orosz Z, Tornóczky T, Sápi Z, Gastrointestinal stromal tumors: 
a clinicopathologic and immunohistochemical study of 136 
cases, Pathol Oncol Res, 2005, 11(1):11–21. 

[10] Lin SC, Huang MJ, Zeng CY, Wang TI, Liu ZL, Shiay RK, 
Clinical manifestations and prognostic factors in patients 
with gastrointestinal stromal tumors, World J Gastroenterol, 
2003, 9(12):2809–2812. 

[11] Yokoi K, Tanaka N, Shoji K, Ishikawa N, Seya T, Horiba K, 
Kanazawa Y, Yamashita K, Ohaki Y, Tajiri T, A study of histo-
pathological assessment criteria for assessing malignancy 
of gastrointestinal stromal tumor, from a clinical standpoint, 
J Gastroenterol, 2005, 40(5):467–473. 

[12] Liu XH, Bai CG, Xie Q, Feng F, Xu ZY, Ma DL, Prognostic 
value of KIT mutation in gastrointestinal stromal tumors, World 
J Gastroenterol, 2005, 11(25):3948–3952. 

[13] Kim TW, Lee H, Kang YK, Choe MS, Ryu MH, Chang HM, 
Kim JS, Yook JH, Kim BS, Lee JS, Prognostic significance 
of c-kit mutation in localized gastrointestinal stromal tumors, 
Clin Cancer Res, 2004, 10(9):3076–3081. 

[14] Miettinen M, Sobin LH, Lasota J, Gastrointestinal stromal 
tumors of the stomach: a clinicopathologic, immunohisto-
chemical, and molecular genetic study of 1765 cases with 
long term follow-up, Am J Surg Pathol, 2005, 29(1):52–68. 

[15] Carducci MA, Piantadosi S, Pound CR, Epstein JI, Simons JW, 
Marshall FF, Partin AW, Nuclear morphometry adds significant 
prognostic information to stage and grade for renal cell 
carcinoma, Urology, 1999, 53(1):44–49. 

[16] Khan MA, Walsh PC, Miller MC, Bales WD, Epstein JI, 
Mangold LA, Partin AW, Veltri RW, Quantitative alterations in 
nuclear structure predict prostate carcinoma distant metastasis 
and death in men with biochemical recurrence after radical 
prostatectomy, Cancer, 2003, 98(12):2583–2591. 

[17] Bundgaard T, Bentzen SM, Wildt J, Sørensen FB, Søgaard H, 
Nielsen JE, Histopathologic, stereologic, epidemiologic, and 
clinical parameters in the prognostic evaluation of squamous 
cell carcinoma of the oral cavity, Head Neck, 1996, 18(2):142–
152. 

[18] Kronqvist P, Kuopio T, Jalava P, Collan Y, Morphometrical 
malignancy grading is a valuable prognostic factor in invasive 
ductal breast cancer, Br J Cancer, 2002, 87():1275–1280. 

[19] Ikeguchi M, Sakatani T, Endo K, Makino M, Kaibara N, 
Computerized nuclear morphometry is a useful technique 
for evaluating the high metastatic potential of colorectal 
adenocarcinoma, Cancer, 1999, 86(10):1944–1951. 

[20] Mulder JW, Offerhaus GJ, de Feyter EP, Floyd JJ, Kern SE, 
Vogelstein B, Hamilton SR, The relationship of quantitative 
nuclear morphology to molecular genetic alterations in the 
adenoma-carcinoma sequence of the large bowel, Am J 
Pathol, 1992, 141(4):797–804. 

[21] Hytiroglou P, Harpaz N, Heller DS, Liu ZY, Deligdisch L, Gil J, 
Differential diagnosis of borderline and invasive serous cyst-
adenocarcinomas of the ovary by computerized interactive 
morphometric analysis of nuclear features, Cancer, 1992, 
69(4):988–992. 

[22] Laitakari J, Computer-assisted quantitative image analysis 
of cell proliferation, angiogenesis and stromal markers in 
experimental and laryngeal tumor development, Department 
of Pathology, Department of Otorhinolaryngology, University 
of Oulu, University Hospital of Oulu, Academic Dissertation, 
Oulu, 2003, http://herkules.oulu.fi/isbn9514269497/isbn951 
4269497.pdf. 

[23] Emory TS, Sobin LH, Lukes L, Lee DH, O’Leary TJ, Prognosis 
of gastrointestinal smooth-muscle (stromal) tumors: depen-
dence on anatomic site, Am J Surg Pathol, 1999, 23(1):82–87. 

[24] Miettinen M, Sarlomo-Rikala M, Sobin LH, Lasota J, Gastro-
intestinal stromal tumors and leiomyosarcomas in the colon: 
a clinicopathologic, immunohistochemical, and molecular 
genetic study of 44 cases, Am J Surg Pathol, 2000, 24(10): 
1339–1352. 

[25] Suster S, Gastrointestinal stromal tumors, Semin Diagn 
Pathol, 1996, 13(4):297–313. 

[26] Miettinen M, Lasota J, Gastrointestinal stromal tumors – 
definition, clinical, histological, immunohistochemical, and 
molecular genetic features and differential diagnosis, Virchows 
Arch, 2001, 438(1):1–12. 

[27] Ueyama T, Guo KJ, Hashimoto H, Daimaru Y, Enjoji M,  
A clinicopathologic and immunohistochemical study of gastro-
intestinal stromal tumors, Cancer, 1992, 69(4):947–955. 

[28] Ranchod M, Kempson RL, Smooth muscle tumors of the 
gastrointestinal tract and retroperitoneum: a pathologic analysis 
of 100 cases, Cancer, 1977, 39(1):255–262. 



Nuclear morphometry and proliferative activity evaluation in the gastrointestinal stromal tumors 

 

323

[29] Fletcher CD, Berman JJ, Corless C, Gorstein F, Lasota J, 
Longley BJ, Miettinen M, O’Leary TJ, Remotti H, Rubin BP, 
Shmookler B, Sobin LH, Weiss SW, Diagnosis of gastro-
intestinal stromal tumors: a consensus approach, Hum Pathol, 
2002, 33(5):459–465. 

[30] Steigen SE, Straume B, Turbin D, Chan AKW, Leung S, 
Nielsen TO, Lindal S, Clinicopathologic factors and nuclear 
morphometry as independent prognosticators In KIT-positive 
gastrointestinal stromal tumors, J Histochem Cytochem, 2008, 
56(2):139–145. 

 
 
 
 
 
 
Corresponding author 
Laurian Lucian Frâncu, Assistant, MD, PhD, Discipline of Anatomy, “Grigore T. Popa” University of Medicine and 
Pharmacy, 2A Teohari Antonescu Street, 700276 Iassy, Romania; Phone +40727–994 337, e-mail: laurianfrancu@ 
yahoo.com 
 
 
 
 
 
 
Received: October 28, 2013 

Accepted: April 22, 2014 
 
 


